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(54) GaN SINGLE CRYSTAL SUBSTRATE AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form a self-support GaN crystal 
having a possible wide area on a GaAs substrate by laying a mask 
having windows distributed with equal spacings on the GaAs 
substrate, forming a GaN layer on the masked part, and removing 
the GaAs substrate. 

SOLUTION: An SiN layer is formed on a GaAs substrate, regularly 
distributed windows are bored through it there are three kinds of 
windows: staggered dot window, <11-2> and <1-10> stripe windows. 
Using thus windowed SiN as a mask, a GaN buffer layer and epitaxial 
layer are formed. The GaAs substrate covered with the mask having 
periodical windows is set in an HVPE apparatus to deposit GaN on 
the substrate, thus forming a GaN buffer layer on the GaAs 
substrate, and GaN is epitaxially grown on the buffer layer through 
the windows, the substrate is etched off with aqua regia to form a 
crystal of GaN only, both sides are polished to form a GaN single 
crystal substrate, and this is a self-supporting film. 
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fit* tf> Sail] 

2 OmmJ£A±CDiE&S:*L, 0. 07m 

[*t#*2 ] SftfeiSM-Cfc i:i-5lf*q[ 1 
KS5*fc*>G a NJ*ISAS4£. 

[»*«4] 3togifltcj:5KiR««:^ttft4 0 0 n 
m^6 6 0 0 nm(:b/c0 1 2 0 c m ~ 1 T T? *> -6 C 
££#®t£i-S!f#ii 1 l;rfEtt<7}G a Nl8il«, 

[Ml** 5] H*rt»J6** J 7MP a^TT'fc^l^: 

£i*4#»£-*"*MrJft3«l tCfE«c<DG a N|W B ifi 9 

7 ] mmmmttt** £ 2 ^ ^co^r 

0. 5 5mm|^m$: i i"*!*** 1 CUE 

«OG a N¥i£i& 
[W*«8] A s £ 1 0 1 7 icm- 3 ^ft§ 

■f$5*#Jl 1 (CfS«t(DG a N*jg^S^ 0 
[§8*3110] (111) GaAsM(D±C[l 1 

- 2]*rtJ*21 — *IBH**3l^Xattf[- 1 1 0 ljjfalztt 
^t'7fW:«^«^tt5^^nii[l 1-2] 

t- l l 0]Jjfalc»tfZ>x h ^tt^JBfcWi-^^^ 
*Sr»EfcU GaN/<y77l*Rlt, HVPESIU 
19 G a NSrai ^i^-r^i^^G a A s 

in (mi GaAs mm<o±{z[ 1 1 

- 2]#fttC — jeMM&:te^T3fetf[- 1 1 O^faClfi 
*\!y^Mz£M<0&*m^h^*?X\*.[l 1-2] 

[- 1 1 0 f*tf<5* h7^ft©84:ft^^7 

^$r^/*L, GaN^V77i^i:it, HVPESICJ: 
otGaN^f^^^t/HSfi^ GaAsIS?: 
iilTGaNSS^^t, «t<DG a N£4R£>±U:HV 
PEftiaotG aN^i^xt 4 ^ * $/ ir A**** L 
#> N 31 fc"*3^>-Y A^gLfcG aN>f^yh^P) x §] 

[0001] 

(GaN^) SrJB^fc**^ K (LE 
D) ^f-^yj V (LD) fcif#fi»#*-¥'«0> 

[0 0 0 2 ] 
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[t*3Sfe^fttlf] HIl JiG a Nfifcft<75^:^OS«t>il9 j 
i\ t77>ft (A 1 2 O 3 ) > SiC, Si, G a A 

btVX^tZo ^7t-<^ (A 1 2O3) Sffittffc^ttfc 
K*-Ck6 L»KH* G a NiH-fSRli 1 6% 

»4^6t7 7'ftiK«:liSj, GaN^^SI* 
«"*tfcfct t*7T'f'V'a«l4W-V^fc** LED, LD 
Hti^6ix6, o£ ^t77^fti:G a N<73*t£fft 

-^S*£±<DG a L E D(iftT|S^^T^5 0 tfcGa 
N^LDtifi< TtTIR*tt5^^5 ifbilt^^p 
[0 0 0 3] t7 7 ^ti:Ga N^»^-3eSfc*i*^iS 

5o Wl:tfiP)ff77^tSS±l:ttIflW4Ga 
^ rSA^tM, 121 2 n^-yy «( *t±.<dg a nobij? 

^sisHtf77^t^t)onffnti^o ^ffifi 

m$iiX\,^Z>h<n&±XG a N/A 1 2 O 3 ftti£&}$ 
60 

5 - 1 8 3 1 8 9t 
«?M¥'6 - 2 6 0 6 8 0t 
[0 0 0 4] fcC^*S + 7T^^*«^fc<Ci3lBH^*) 

5 fcA,£ 1 0 9 cm~ 2 fc<D 
»5)fGaNLEDttft»#tt)5c TS§»#W-efc 

[0 0 0 5] U^tt77^tCli 1 b5t>i:o1itt^^ 
«*^*>5o -fir (a 1 2 o 3 ) «<b^W«wS3e 

"C£>S 0 -tfUwRl^. G a N/l^r-f-VStRSTLED 
£0 »at5:Ht)*)#f*»)lifi^. G a N 

J. J. Appl.Phys. vol. 37,Part2, No. 3B ( 1988) , ppL30 
9-L312 

50 aH^fcrnRS i/^/K^t)^-r?fe5 fl 
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[0 0 0 6 J i/>y&®M,\cft?tztb^s i C<DX 

S i CStSG a N*^liflifl 
Appl. Phys. Lett, vol.71, No. 17 (1997) 

WKffiJEffctK 1 5 0 OtJ^ 

JhKfcfcS, S i CS«g fcfcfcK 

RRKltt S i CttG a NjgftiR^OSffi*: Lt?W £4xT 
S i C/G a N*-T-«*a*«-C*4»aSftT 

[ 0 0 0 7 ] ^-TixJC Lt t,tt*^)G a NfH^-te, 

[0 0 0 8] a N*^ f^^ix^/uj^gS-^ 

^twfiSSSri oo onc«±o»;ffl^*pSRu<cJttttf* 

v\ G a Nncif^aif ^3F-v/^/UJBS:S8fiS^:fe«ta« 

GaN«»Ml^t5 
£ s G a A s tefo 1 . 0 8{g, S i CHO . 8 7ffiF, * 
77^fflil. 3 6fl8FOfR»K«»Sr»o 0 
[0 0 0 9] ftHk XfinoMKiRAttO]ft^Mcj:«llS 

lOWJBtt:. G a N#»Cf|MSAdS»±LG a N»M(C 

3£?£*gf*S 0 JS3<BMHtt*£^«'&G a NSffi^t 
Bt*«Htfc«*»ttG a NSStlA4^*ttftV\ L 

^r^mm^^G a N/t77^ 6 G a N«^*^ 

[0010] S5iot*ivtf, G a A s 3r£t£ L 
X\ G a NSrrtftS-frSR*^ 1 9 7 0^fti:»Atti: 
t&m$tltz 0 G a A s t G a NO)RB3B»(0*»tt^tL 

*ftlt*ttifcrt<*IRi:»foofc 0 GaAsCJt 
< G a NdSft^ft^ofc, G a N # $Mgi& T? t frX 
teffig^S5tr5, Ga NtfaWM-Sij^TN HIT^Ii 
*GaNttfJffK"C#i^ofc 0 

liSf^Oillt t^)G a A s WA s NH 3 
h<ORl&<DlZlb{Z % ftVNGaNSSMft-C^f, Ga" 
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A sIKioG a 'NjsftittlSi A/iflTHaSix-CV^/j:^ 

o7t 0 *fc»-T-e»*SG a A s tG a N£-C*>fc!>*5 
^bt'i>5?^o G a NG0te^-^g££r 1 ^rt6 i: % Ga 
Aslil. 2 5 t?*)*. *SJ 5/4 t>* 5« S i CCDfe^- 

fiBfcli, l. 0 3«-eGaNi:ifi^i-cfc5, ^vr^i 

W^ftliGaN^O. 8 6»-e*>5. 0 ft^Hftt 
ftlfGa Aslt GaNlCitjg^, G a N/G a A 

fcfc:lxfcfi^:bii:-e*>ofc: 0 
70 [0011] aStttSotV^OWG a N/^^7 

t^otk (Ett***ift*tixtf fco Ux 

v\ t7 7^tSfi"eJ:!3fi*l60GaN4MS*5 

m^it^ilff ^I&£f£c- r i , vol. J8i- 

J?0 C-I.I, p 5 8 — 6 4 wtXJi^^r h7 

***fctro-c*>s, mm (^v^^-y) icj:ox*^ 

fttcfl$MIS*i,fcnfi*»&G a NMf IWt^ h9>T 

ftOfcfc, Ga N#*S*Ktett, ^Op^'^W 

[0 0 12] RVSffft^i, *^*»<0»4»«*m 
fcttiBflttfco&Sfc 5. *t>3»W**ttttG a N 
StKTfcSo i/vfc^TtGaNifiTfci. 
^GaNlS^SU^, ^A-aT*8*8 

a NiK/i^c 

[0013] ^Igfi^fiStSCIJfa 

tt»«r«iSi-5r 4:dS"Ct 6, l^UGaNfiWLfc 

9, GaC^t^GaN^tttX, ft 75" « /£ CD jg ffi ffi 
*»I**D*&LTG a -G a NiHffi t "T « ^ t «T-# S 0 

5£? i^fttf^sr ti4-e**VN. ^:S!o^^GE^®^»ig 
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*t*a^GaN8f B ^*f, GaNlSt#4lft 

[00 1 4] Ga N»^li»^*fifeicj: 9 flsfeti,*. 

^■^g^<^±(C, GaN»li^SSt6fcMT<7)4 
oO^ft^fcib^T^So 

1. HV P Eft (/N-f KSetS/Sfift : Hydride Va 
por Phase Epitaxy) 

2. MO Cft (^«&JS*ftfe&*B*&gft : metal lorga 
nic chloride method) 

3. MOCVD6 (*«ft«C VDft : metal lorganic 
chemical vapor deposition) 

4. #^ft 

[0015] Mocsit hy> ^/w^y ^tmg/^ 

t'GatOtllMh. HC 1 tfX&fcy b$*-jum<0 
^T'Slt^-IGaCl^L, wiVtattf+ift 

iH4rtT9o G a UT#«&JR*fflv^^«b«** s 
[0016] MOCVDfettG a N»Btfifc*ifcfc ITf 

TMGft^fG a (DtMiiry^^rNH 3 Zfrmif 

TMGiNH 3 WlGaNlfiPt^, Z<Djj}£ 

Jfooj: ifc*v*Jifc#j*ra»<N;:tt, ftPp'lIII-ft 
bftv^*»tftlttft^\ La>L*K£> J: 5 JI^GaN 

fcMO Cft t W C J: 5 KK»ftA©IH« HrfeK 
Irfe-T^o «»»tt* J HVPEftliGaMHT^ 
*Ga«r«5. h C*— ^fflRfclFfciG a«&Ktt 
G a ftltAftt*5<c G a filfft^f&v^ T* 3 O'CW 
±T*G a IHSStCftSo ^r.-7K^^/^, HCl^t!* 
^Ib^y ?AG a C 1 6 0 G a C 1 

ffilift*Ga«:tt^R*S:l|l»t(:**iK fit**** 
BtU:»ALft</^&#feLftv\, HT-^BiS^teTUft 
v\ ft if <afi] 
[0017] 

[J8W*W*LJ; 5 t-rz&B] GaNM^^fM 
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t5MliGaNlM«tlt5. «GaNSt£ 
ascJiSTfiFffi Lfta»ofc, St5(CT-#5J: ?ftj£l>® 
Sar-#SG a N*gffiSr»(fc-r*>w 

(DG a NSffi«:»«-t-6»dS*5SWo!B3^att-C*) 
^o flLSI^taotfi, SgSUE^S^A s #G a 

6 0 G a NWM'f i'rfy h tML r iltlK fflUft 
[0018] 

iwkm&mfc'f ztntxn^m g a a s (hd 
*a<so±t- [i 1-2] ^rnjK^rara-cafctf [- i i 

It, -^^^WJR«)»»»CHS»T»G a N/<777«t«* 

^^ICHVPE&iaotx f * * /Hffcft $ 
G a A s g*£&l&:£LTG a N»»SftatESr»iSi- 

*»*a«4r««ftt UT. ^t^^iCGaNxt' 

^ttt6GaN>fy^yhtU CixSr«»rl8:VMi* 
mLXm$k<VG a Ni)Si:t5o :WW^GaN 
Ii^iji|MT*fc6, GaAsSfiliE*txyfy 

b o 

[0019] #36WtDG a NftfBO**0»16lit«)* 
#£[C&>£ 0 «P^tliG a NlfiOl^li 1 ^ 
±, »*L<tt2^yfS«±i:t6. LEDftif^JB 
*»^fcX3SW^«3^- hT»*i-5fc«>JwttG a NS 

(25mm) a_L, £ «b (C$r£ L < f* 2 >f >"^£A 
IttSWfcS. m»W»-e*>5G a A sSttJ&SJEtf- 

[0 0 2 0] Ga NSffi^H^teSStT-^'^ Kll >^ 

^^fil^ftv>J: 5 ftt>^>"Cft*tttf*ft bft^^o ^(Dtzft 
40 |:iJ5 0/zm^lmmifi^J:^ o lmm5:8iTW 

e*<Dffi»J& s K< fto 
XL^3c 5 0 /i mHTOS^Ki S 5)©)iSiRS:ft«ff 
#ftl\, i9B*L<tt7 0/im^lmmi^5WC 

[0 0 2 1 ] HVPEM^lt^OH, MMftSJIKftK: 
$*j|xft^«fc 5 Ki-£fc«>-e*>S 0 WGaNi:^ 
*bftl>*»fe*6lc»4f»ftUft^^ RSl:J:ottf^ 

ftl/\ R*^A?>4l^>5)G a Nfi**fea&9l0>*^^- 
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£>5, «»*»fc*>SAI**l\ L?5»U GaAsHStt 
"*»63R*LfcA s 4if0>»Al£J: B jt^tfe, 

7rl^GaAs itS^^^A s <Dm^^&5C(DTG a 
N^^A s (^SASliffi^T^^^, t^tlil 0 
1 7 <i c m~ 3 J^Tt'fc^, AsOli^^tGaN^ 

*SA1£*sgUx$, led t Lfc»^fiA s 

[ 0 0 2 2 ] 

[38W<7>|?li<7D?fcffi] #189! CD G a NJK&fi G a A s £ 

*4tt*»e>i»*-e**i\ ^^5^g a a s f±3E7k-ew« 

&8H*TBfe*-r* SfcKtftW Lfc J; 5 CG 

a A sSffifil 9 7 0 A/{w«^.^,tL-B.fia^ 

60 :iiii»^^tt^^^^(:J;oTGa As! 

<£T-£>6 0 WMWWU::WGaAsS 
*£±(7}G a NiSlJIttfttlftfcSt^l: L 
10-078333 #) 0 
[ 0 0 2 3 ] G a NI*A;£fi»-0*>a o (0 0 0 1) ® 

(iAattM^fe^o Ga Astts*f B *-efc6^e> 

(100) ^ (110) ®I13 E#«ttfc«Pfcfcl\, 
CT-GaAs (1 1 1) AI«l>ttBffiS:Sfii:Ltffl 

A®tlr>5^*'*Gal^ : ?-^S£aUTV>S®T*fc-5 0 BI 
«4A sB^KILT^Sffi-CifcS, 
[0 0 2 4] [D 3 (l7T7/^CIi 9^^^(7)^^?r 

N 4 i 0 2 ttifd J Al\ ^^^Jf^lilOOnm- 
SlOOnmtfcS, 9BB»S^K**-*-'5^^^-C?fc 

i\ ia^J*s*55^*>6, [1 1-2] ^^(d^J^/^U-C 
ife-S. PflRSSrL fctfi. ^irS^-t-S [-110] * 

Zdh-tZo ff^ U< fid = 3 1/2 L/2 <t-T-5o o£ 

liZ2 2 ^ xn<OE*?gt % t° y ^ L £ 6 ju m, 
^JRUHSd Sr 5 n mtWo J: 9 l£i-<5c t 5 0 
J:5 43E = *W^*<OJR*SAv^tt, H 5 <a «fc 5 K BM* 
B^6JSt*LfcG a N^nW^aiHtS-TS J: 5 Jctt* 
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[0 0 2 5 ] Kf+ffc^-^^^auicG a NSrSftSfti 

a N^atetCJiiS^ L/jfl/^6T)fi<7)G a A s £»«G 
a N*S|**i- 4^)tt«^»4>*:Jfe*>'5. il^^G a N 

Six, ZlMcfta&#*oT/**LTfr<. **>IB[£<0> 
*Pfe#*A$JixS 0 *#91tf> «fc 5 l^** 

Ttf T fcfftJS*as«ft3Jx*. *ffif»t?tt*LTl^5ii 

m#4fi<omt?t> Av^PKttS, *5-Ctt*<T, H50 
J: 5 CE^i^^Cgttl, 

[ 0 0 2 6 ] -7X^S:olt5i:ttGaAs!S^»i: 

WKKSrHBH"* <fc -5 lc-r^, 0 HiJCttf&&IU6 (l) fcKft 

[ 0 0 2 7 ] :^!ttt^M4 5 Ot-5 0 Otlg 
T% HVPEfeiaottl 0 nm—1 0 0 nmll© 
Il>GaN^777l^iSt6, -^*^<fc0»^a> 

/<y7riitt«rtJwmir LTffaE-ra, ae (2) 

*0 [ 0 0 2 8 ] 8 0 0t~1 0 5 0tiSO|iI(aT, 
HVPEfetGaNxt^^->t^iW*t^)o C£> 

MtlfcG a NigSfiii^^ftiflSr^-r^o 

40 m — 1 mm^f^^r t>oOT?-t^)SS^»^"C*>4xtf ft 
i\ r.ix 7**13 6 (3) ^^^r-^5o ±EOJ:5 4** 

[0 0 2 9 ] ^ClTkCtoTGa AsS^^^^f 
(4) O^tB^^So w^XW 1 ftOG a Ntt»T?*>S. 

[0 0 3 0 ] SfefcaJSO^ai^-SrjMitLfcl^O-e*) 
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f&&£"&Zo E7liC^4r^-r o 1217 (1) liGaNi 
1Sc7)Ji{CHVPEj&(Cj:oT^ 6(-i¥< G a NSr^t:** 

^-K«BtHLTlT<. B7 (2) (i:n^^t 6 7X 
h !>3i^-S:W«LTia7 (3) <D X 0 KiSW ¥ » 
Zj!GaN!)xA-^t*^, AsliGaN^ 

[0 0 3 1 ] *38^(^*3l>r3i t'^^-v/^^^{Cffi^ 
SHV P E&&IS8 (c £oTIft^-f So W*^>Hfl?^ l 

W«-(ill^^*AP3, 4*s*>6o 0Sm#*WAn3 

ICte&JlG a S:i|X*LT*5<, S-UMS^^bt 2 

IwUfc^f+lt Ga+HCH GaClil^S 

RJS^fiC Vmbtf!) $J*G a C 1 :<^Ga 
CI t^f !) t^H 2 Ojft^#*asSJS^*<7)£HS: 
T*tc»«*u5 0 JB^#*#AP 4f*£ 0T*KIWn-t 
So T^^TNH 3 +7«H 2 

RJSJFrtKSASJl'So GaC 1 iNH 3 l:j;^ Ga 
C1+NH 3 — Ga N<DRJS* s jBr5o 
[ 0 0 3 2 ] Ihir:/* 7**^:7 h 8 J:oTIhI^#I^ 
gfiEKRftfciXSo ^ir^^ 7 ^±{^(iG a A s gt£ 9 
£fc(*G a NlfijJiftDWltb^S, K»tt*Df»SttT 

5c *^W^ajP10^?>gmSn$, HVPE 
jfeteG a ^JUSr^**,!: ITft 9o ^ItGaClttK 

[0 0 3 3] ^tf^^^ir/^SttWWSrJetfr^L^I't 
ixtftt&ttl^G a Sr^tfftffci 1^5 fc£>fi/fc^ 0 G a 

*«:ft5MMOCS> MOCVDft^fcSo tlftKli 

*gALTL£5o HVPESfiG a £r#Df?& lT^ft(C 
U HC1 £SJ££i*:G a C 1 Icf 6 Q 

i:J:oT«#tttltf*i5(0-efc5 Q *rtti&K&<£:b 

[ 0 0 3 4 ] *»BI:iotfre>ftfcG a N4M«ifl£ffi 

X10 16 cm" 3 ||tfc!) 0 nS^eSi^^i^ 

fM^/cLfCo HVPEifePtwR^ESrBaitS 
ZhlZZoX^+y+m&t: lxio 16 cm- 3 -l 
x 1 0 2 0 cm" 3 OttH-eWW-e* So «*#ffi*r«| 

flf-ts :i:iaot s tt-^isiis o cm 2 /v s - 
8 0 0 c m 2 / v s (Dmmizmmx-z s c 1 x 
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1 0 " 4 Q c m — 1 X 1 0 Q c mOjalST^iJ^ pJtBXfc 
So ^tytiIli5X10 17 cm- 3 -10 19 c 
m~ 3 <Dg&B#S* L < , Jt«Sttl*5 X 1 0" 2 Q c m 

[0 0 3 5] :Ht^fbnf:GaNSteliSil/:Sa 

S. *if<7)tt)fT-*)S, fc^LrtftftfttwJ: 0*6, ft 

Sffi(7)igP^SfiLarabert-BeeraiJi- J: 9 SE$$ $ ixftWSS-C 

I = Io e xp(— ax) 

0 fiA*fr3fc0 3Sfi, I tt««'J3tetf>3SK, a (2*5 

T»6iXfcG a NXtRORlR«»tt, 4 0 0 nm-6 0 
0nmi:bfcoTfi<, G a Ni(Sli:ix^RI^ 
JcStLK^iSMSSr^rLTl/^o BiBtSffLfeGaN 

Ott*#r»ft«*dS 12 0cm- 1 £XTC0t>(DZ&% 

iR«»#s>h* f+ntf £ X \f\ 			&#9:&# 
9; U*»Uft*J6**t^«t'Ctt^+»-e*>5. **T*ftriH 

TO 0 3 6] ftJj&LfcG a A s S^JzClG a N&tftfi 
*0 J-frttillcT4 LtB1^6a**Sr«8 Bit. jftflg 

B 9 <0 i 9 CG a N/G a A s «^*^itf, G a NIC 
ttJSrt#38£L.T^* 0 G a A s lCtS^|6]#OlSA*S 

[ 0 0 3 7] t> UtfRffi^^»t^i^-t-S^s GaAsI 
^ 5i:G a NttT*K*a«-C*>6. 

5MtV*a»&V\i Ga AsSS^^^tttSGaNi: 

i#^«tf. :<DgDUGaAsi:iiiBi«i:*it8 

So 

[0 0 3 8] 1 9 7 0*ftl:GaAsSS±l:GaNS: 
50 Ktt^rt«t6*«r«e>-rfe«)OX**sSllij6a<0^^^ 



m 



(T) 



11 

1 0 0 3 9] -£*U;UH^-C-*>* ^2 19 ftlCri* Ld> 
[0 0 4 0] [Hi 2KR0<ajflj5ti*fc£lMl*mfeO^ 



70 



H 

[004 

^7 I /n — 

5 0mm 
[004 

[004 
[0 0 4 
[ftl] 
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l] S 5 it *}^'^-<nfai)*K) <^ft^f tti^ttft 
li, f = 8H/D 2 i:J:otftSt^, Di± 

2] E9 *fctt**J:^5 t>^#i*HB^a<x* 
* > > /u-e* 6 ^ 6 HI mzm £T- # * 



3] Rffi^i 
4] 



cr = 



£Z> 2 <5 



3(l-v)/ 2 d 



[ 0 0 4 5 ] l:j:oT4t?)ii5, c ttrtawS^u Ete 

C^tt»IK^rta5lCA*HI^.^P>W-»-r-5 S t o n e y 
<Dj£b^5o »mtllHCl,XLlk ?C0X (GaNilt* 
fc*^6) d = b £ It, 
[0 0 4 6 ] 

[3S2] 



cr = 



3(1 - v)/ 



[0 0 4 7 ] n^sStCjZoT, t*^6 a SrtHfL 

SIS if, £9 *5 P 

— J^S-fr, SffiffS* s l¥< *tLtf*"5«4f. St) 

aNlfeCo^tfi, SKi^co-T^W z/nir^^g- 
[ 0 0 4 8 ] 9^^<om&\ZXoXm^^1tifi«t>i<0 

1. ft$^R 6 0 0mmW 1 . 6 7X1 

0" 3 mm _1 m 



2. R"9H (SOmmlif) 0. 5 5mmOT 

3. ft&l&t) o 7MP a J£AT 
[0 0 4 9] o**K *»W#*J^^^^«Ufc*«= 

f±, R ^ 6 0 0 mm. H^0. 55mm. u ^ 7 M P a 
T£>5 0 $ <bUll*ia&JC2jrt:3MP a T-£>£cr «fc L 

[0 0 5 0]*8«l:^ ltfc^G a NS^^rMig 
-f S;£2fc<7DteK. G a N£ffi&«J£Ji£ LT*<0±KG 

[0 0 5 1 J 

[H56M] [H*« l (HVPEft7f7/Hj*l:J:5 
G a N|^| B 1 tfcCDflMK) ] G a A s (111) A^tg 
40 SrEJSSSrtKKIBLfc, ifit>fX|i3 0inml(OR 
^SteirUfCo ^TEE (^cMBE) CVD»GaAsi 
t£±K, S i 3 N 4 /I£rilt£ 0. 1 ^mC/^i^ l^M 

3 [C^H-^PJfe K v V ft t y <1 l-2>^hH :7*® N 

<1-I0>7h7'f ^3lT'fc6. 

1. Ks/ hS"'0 3 — 5»C^"f-J: 9 G a A s < 

i i-2>(c^ft^ii:^±(c^^^'r5^^^t <> ^ 

^"f^Xtl^o d = 3. 5 ^m, L = 4 m 0 
50 2. < 1 1 - 2 h 7^ 1 1 - 2 >^Ff5]|C^ 
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m> /z m x f>>f 4^ni 0 

3. < i - i o h 9^ :/*■•■< l l - 2 >^-^ic^ 
[ 0 0 5 2] C^J; 5#K*Bfl*tfcS i 3 N 4 £^.x^ 
(1 ) G a N^^7 7i«ia 

■JWJBft4!R*#-t-6^^^lcj:oT«feixfcG a A s £ 
«*HVPEJS«<0*'jCtt«Lfc« HVPEgf^g^ 
lw3K*TGaA s*«*tt5 OO^fcaDlRLfc. ^3?<7> 
GaHH 5 O^il^Dj^LG aBi^i^o JKfftf 

^^Ga J^fb^y ^GaCl ^Ml 

3^j|^7^iAL, 5 0 orjcaaffts^fcatRififlF 

T*GaCl+NH 3 -G a-NCOStSSrfi C £-£G a A s 
SfelC, GaN^fSSt^o :ixi:j:oTGaAs| 
tRlCft 7 0 n m(^G a 7 r ■ 1 6, Si 

3 N4ISG a NAA»fHffJl^-A>9 S i 3 N 4 -77^ 
±i:ttGaNf4i*«tftV^./^77i ( 7 0 n m) 11 
-^^^ (lOOnm) <£9*l\ /t'^b^^Ga As(D 
SMfrfc'tflCG a N^y7 7Wt*5,- 

[ 0 0 5 3 ] (2) GaNxt^^i/t^lWM 
HC 1 <&WA«:#ll: Lfc„ 5 0 O'C^feft 1 

0 0 O^tTitf Ac 0 WHC 1 £G a ffilCfartxmA 
-T^o «ffir«)ISi|p]U<kpfC. GaiHCl 
£^X&ittf ] J £i*G a C 1 So 
-V U +i LT8tftT^5ri><bG a C 1 teTfi^t t>(wffic 
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jMSo ry^r nh 3 t g a c i &timznttmtR<n 

ifi^T-RfSLG a N#T*#<5 0 C il^^O + <?V< ^ 7 r 
io±i:xt^ ^r*>^^fti-^c ^X^i?^ (10 0 

nm) ^^^ICG a NSi^IEAftf « 

*"Ctt, G a Nf&&l*j*ftmV$>Z> 0 m4, msitT^m 

'«*<«U^< i-t, ^Sli±^GaN^««lt* 
<o «fiagli5 0/im/Ht?fc5, ttlOO/im^f 

[0 0 5 4] (3) GaAsIS<7)ii 

20 Xmi O^m^^^y^Ltio GaAsHS^iC^ 
*S*tfco G a N/"cttO*£ff|le&o/c 0 MISHIT 

^gtsi:g.fs/fL, mmmk<D&m d ^tlzko 

fc. t*=FJgs VyY*& (&2 /imft, L = 4 ^ iru 

d= 3. 5 Mm) o W**2te< 1 1 - 2 > * h7^7*v 
^^"CfcS, 3IK1-1 0 by 4 -J-**? X* 

[0 0 5 5] 

30 im 1 ] 







cm" 3 


cro a /Veec 


Jfc«ttQ/cm- 


K» 1 




3 x 1 0 1 6 


2 00 


8.3 x 1 0" 3 


«**2 




6 x l 0 18 


1 50 


6 x 1 0~ 3 


1**3 


^ h ^ >f ^ 


1 x 1 0 19 


1 20 


3.5X 1 0" 3 



[ 0 0 5 6 ] J VK- ^tfc^^nlOt^eil 

5 0 &^4 0 0 nm— 6 0 0 n m TOES fi N 4 0 
c m~ 1 — 8 0 c m~ 1 "Cfco fc 0 As^ttl^Bl^ 

9 x l 0 1 6 cm~ 3 XfrotZo 
[0 0 5 7 ] [IS«2 (HVPE777/^fGaN 
MxS&s H VP E&G a NJSEf+tt) ] 2-Y^^S£>Ga 
As (111) Affi4i«i:Lt, ^rO_L(CS i O 2 
<6*Bt*»j5KLfc 0 hy y ^fyy ^ \^^^>xm3<D 



(1 ) G a N^^77|WIS! 

[0 0 5 8] v^^4tt5Ga Aslfi^HVPE^ 
fidKBLfc, H8(?D3S«*ffi5d^ Gal§5H800 
•CfcjDjRUfco W^tlt^ H 2 +HCl^Ga 

sk##* h 2 H-NH 3 ttatR»-a:»fw*iN3to ftso 

0t (£ffii&K) ^{SffiKiS^-C, GaN^^77l* 

(2) =-\f#*is*frm<oi&& 
o^T-ittg^ 1 0 0 otcjiif fc e mcmntr** 

(3 ) G a A s <7}f&^ 
GaN/GaAs Sfi4HVPE81^P,9»)fc # Lt, 
JlffittJwG a Nm*fcmfc±l$£i'lX\,^Z>Z t SrBISBL 
fc 0 iix«:-E*t-CGaAsStRS:xyfymiL 
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[0 0 5 9] (4) G a N£>fff+tf 
ciifc+^fcftifrLfc, B6 (4) <Z) J: 5 fclfclBlwfc 
£ 0 G a Nfc # *tfCftofcfc^£^fcfctfHV P EglC 
1ry h Lfc, StRfflfiS:! 0 20 < CtUT, HVPE& 
CioTGa N&fff+ft LG a NAM > rf 3, h 
127 (1) K^-Tj|*||8T-*>$ 0 CcO-f hfi**W 
^'>li^f«t$)o/co ft(S»Sli«2 0mm, 
I55mm^y^j/ h*C*ofc fl 

[0 0 6 0] (5) X7 4-V- — l££Z>$3i'»-<D$}*)tii 
L 

*rt)ir«ji)*rufc 0 (37 (2) J^^-fj: S-Ofc*. 
15 5 0 mm, 1^. 3 5 0 m m(^G a N^iSS 2 0 

G a NSriHff Lfci: Cl^>, As, i%mth^s< 
y^jyK^^tfcofc, IMS (As) , J^H? 
TfrS, G a N^/jr^lC^^^raFtLTV^ftV^dS^^S. 
[0 0 6 1 ] (6) 9F« 

[0 0 6 2] ( 7 ) fgmW^t^OffllJ^ 
-YV=fyKB±*B (fiRfi»»!o») frbWioIti?^^- 

0 1 8 cm- 3 t'$)ot ®^P1£»>gtt2 0 0 cm 2 / 
V s X*tbotz 0 ItlSffifiO. 0 1 7 Q c rntfcot 
[0 0 6 3] -f >=fy hCDTC (/&5#)#30#) ^<bft 

T-^-r U ^m^te 1 0 1 8 c m~ 3 % 1 5 

0 c m 2 /V s Tfcofco tblfifettiO. 0lQcmT-£> 

[0 0 6 4] (8) *®lK<7)»Jj£ 

54 0 0 nm—6 0 0 n mtc^o 5 Ki&S&te 2 0cm 
" 1 -4 0 cm~ 1 T'fcofCo. 
(9) LEDtDft^ 

SSL EDT-**ett*rt{c*< OJTiB<6ffi^#l9E IT^ 
G a NS1fi(7?*»M<OL E DttK3i(Ett^*:# < 

[0 0 6 5 ] (MO'C7T7^J*ftGaNS 
HVPEG a Nfftttt) ] G a A s (111) B 

Mfiati^t s i o 2 Z&Wzm-fy* h y 
y^77^(:J:ot [i-i 0] ^fttc&tf 6* h?^ 

[0 0 6 6 ] (1) GaN^777i* 
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ftttftlRttfcf|feXttjftft8: (MOC&) l:j:ot^4 9 

0 < COffi^T-Sffi±(C 9 0 n m<D/?^oQG a N'< «y 7 r 
[0 0 6 7 ] (2) GaNxt'^^^t^l^ffM 

mcs«K*5^-c\ ifia«t*ij9 7oti:±ift, g 

( 3 ) G a A s gfe<7}[&£ 
MOC8iA»P)G a N/G a A s !*»«:»!) tflfe, flt 
SOGaNlgfe^U^t ^h7^^^^0 
JO *fS)(i, G a NoO [1 1-20] # Ip) "C *> o fc: P O £ f 
G a A s (7) [1-10] #|n](£G a Ntf) [l 1-20] 
#15) il^S - t "Cfc^o I*CJ:otGa A 

[0 0 6 8 ] (4) G a NOJ?fEtt*t/&:B 
2 5MmI^GaN^llSfB^lT, HVPE^iC 
h Ufc 0 10 0 OtCJOjRLHVPEftlCioTG 

3ir^tfDG aN-fy^^ h£W/& L/c Q 
[0 0 6 9 ] (5) 1*1 El 23* 7 -f t-(-J:^ r>:n^ — -£J 

20 v m L 

w^i^7^f-(aot^ 5/ h«rdiiiaft*iP}^4 

0 0 ^ m^J^^(^^D 9 ttJLfCo 2 5ft(D7W ^ h 

[0070] (6) mm 

f: 0 'ip°pi: LT(7)G a NHUS* 
(7) tt«C«H£0>a« 

^ig|j:2 5 0 cm 2 /Vstfco/: 0 itglnflO. 0 
30 5 Q c m^fcofco 

[0 0 7 1 ] ZOmm&lX'ttG a Ngft^SSSSi: L 
X, G.aN*J»(lfe*<i*S*W5 0 J9tlM**§SG 

WC2-5tttO»S3SSf^«-e#S. »i=»*M*, 1ft 
ItfcGa A s^&S«^Si^i:tt8lT6 4%l£ffi; 

^fclttS^0W«[5t»IBt*:S<«IB-C#fc. G a N 
*#WLfci:w*«* (As) v MX (C) t i>lc<v 

40 [0 0 7 2] <D&&jEE.ftm<Dm&^foZ>&miC 

^^^tot^-C$)oTt6v\ -til* 9 ^rt^^^ig; 
B^M^fcio -7^^±(D7f7^Sl:J:ot, ^ 
ftrt^ffi^te{b^il^rt»0S*^(g:«S^S*fcG a A 
s £ G a NO»tti&»J&S«!9 rtSPJCa*«fD"C# 5o Ad 

aotiiaiaEKYb* J *#^Jwt>^^*?6i'g: «9 

[0 0 7 3 ] [^^J4 (««ii«B*7*Pi;-. 
rt«fS*OBB«) ] [1-100] ^ b7^/7X^ 
#7 [1 1-2] 7h7^^^ K7 h^^^^PH 
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H 2 +NH 3 i:H2+HCltfc5 fl W*4#*tf>»«E* [0 0 7 4] 







(#) 


G a #EE 
<kPa> 


(kP*J 


St IE 


mm 

(/in) 






>f 


1030 


180 


1 


4 




35 


54 


26 


u 


1030 


180 


1 


6 




40 


58 


28 




970 


160 


2 


6 




120 


1000 


4 




970 


180 


1 


1 6 




60 


225 


11 




970 


180 


1 


6 




40 


61 


26 




1020 


240 


2 


'6 




300 


10417 


1.2 




1020 


240 


2 


6 




120 


167 


29 




1030 


240 


1 


6 




70 


125 


23 


y 


970 


360 


2 


6 


to 


200 


1488 


5.4 




970 


180 


2 


12 


3ft :ft 


200 


1359 


5.9 




970 


180 


2 


24 




200 


2604 


3.1 



[0 0 7 5] Ztlb<0*>%, 1\ n x * x K 5\ 
CO 6 ofi A ^/u— yt'fo 9 . 'V ^ % II , /K050 

(A) G a #EEtt 1 k P a ( 1 0 " 2 a t m) T'hZo 9 
7 0W^77i "7^^<DJ:l;GaN^ 1 Mfifc* 
1 0 3 0tT^t>l:3MKaNSr«fiStfc fl 

O«cj:o-c-to»**: Ufe-To 6 floKft***>6. eft 

5 0 HI 3JC*3^T««lliBt» (urn) IRVtt 
5 /um-1 2 0/tmlC^*ttl>5, IKttttrtfflJfE:*) 
(GPa) OO^ItrtW^^ 2MP a —4 

OMPat'fca, lat A/4f*s l omp a-J: 

fSfltS"*-**, L^^LF^ait^fl 7MP a^T (7 X 1 



- 3 



GPa) 



(B) Ga»El42kPa-efc5, 9 7 0tTv<y7r 

■frfc, R^ftttl 0§T*$)6o Si 3K[^C<fc 0 
-to Blfff* 7 0^ 3 0 0 ^ in^^{c5^ : ff7i*'5o G a 
N^fiO^ilil^o Rmaxli»2 0/imtfc5, G 
a NSS^&li2 OmmX 2 0mmt*$)^ o ^®tKffiU2 

ot^tipClMPa-lOMPa-CfcSo i«fi7 
MP a^TTfc^>^ibr^t<Sr5£^:i-w^^-C#5o L2» 
U(oii:*f^T^50irBiif:{c/z:u>^^o# ( 7 0 m m~ 

3 0 0 /im) #fc* 0 £!)(Di**gR|iR= 7 8 0m 
m~ 1 5 0 0 mm-e£>5 0 

[0076] [^ffi^js (ftap^S(7DH«) ] m«tra 
i: (a) <n&W6ftts (b) sft^coiNtis 



(A) 9 7 Ot 1 NfW + 1 0 3 0t 3#Mj*fiOK»A 
6 0 0mm^iti)5 o 6 B«l£» L 

(b) 9 7 ox:6\%mf&&<DnwBnmmfcm< , mm 

V\ 5fi(7)B^lSf^-r-<T(4 6 0 0mmi^5S* LV> 
*!)T/hJ < 0 197 O^G a A s 2 

so [0077] mmme (mm) ] K»Attw*icjfei» 

Lfc 0 f*£fB£> 9 t,, Rq[ 1 5 0 m nu f*JS&/£*> 4 M P 
a, iWH 0 3 0mm, Rm a x 2 0 m mORJftflC 
o^TBFSLfeo SFI»i-<fc 8 0 m mi:iof: 0 

ft^liWg6 5 0mml:Sot^5 0 HiUo 
TfIi$(iRma x 7. 2nm l Ra2 nml:«*L 

^^^ttlttGa Nrt*Ufc»*t, Ky h^* 

fc, Bl 1 5 I^Lfc^f*. fcrt«JC*<DH«S:** 
t^77tfc5 0 G a A s S^/nJ:^ <1-10>J 

$li^7^^fc^Ot:^¥%lf:tO) 1 2 0 
MmOG a N*j**3lirfct>0>* USS^J l i:fum^ 
h-^^^^rffifflL, 3p*SIKj¥ 1 6 0 /imOG a NSrJSKft 
£ii:/ct>0 N ittfflUfco ^f^^ftliV^tnt, Ga 

1 X 1 0 ~ 2 a tm (lkPa) , N H 3 5^JE 0 . 
24a tm (24kPa) , rfZ-gmffl 9 7 0t, JSUA^P 
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[&5feLfc„ G a NSfilli: LG a N^rtffl^iX»C 

«fc«LT««LfcGa NStEtt. * h ? f :7*2Fft t *ix 

fT4*(R)f-*#V^S0 ^mix-So Sffi^ftlctt&LT 1 

^6, GaAs^<l-l 0>|j:GaN(D<l 1-20 
>(C, GaAs^<l 1-2X1, GaNO<l-10 
0 >(C*t*Si-* 0 G a N<D< 1 1-20>4<1-10 

o >«a:s!"t"*o 

[0 0 7 8 ] 

*<&*lfcj&sd>*i\, S*S:«b<f^fti:J:oTGa N 

^ 0 S t) 7 h y y ^ 7 7 ^ ft ^ wjtff w ?x 

^£G a NSSftlSiT- C 

3fta** s ±* J S, GaNLED, GaNLDW#ftW* 

[aaanwfeKn] 

[Ell] G a N«4tJ**S*5fc«)OlKtf»t G a 

lm2) t77^tlfiiCGaNxt^^i/t/^f 

[mS] fASiSftg^^GaAs (111) A® 
[04] v^^^bSil/cS^GaN^y?/! 
[B5] GaN^;*^, ^77ri^lC^(:xe 

[12)6] GaAsSS^il:v7^ffXGaN/^ 
7rm, G a fcT* ^-r/HiSrfifcftS-fr, G a A s 
StESraiy^v^Bft*-*- 5xa4r^+xaia. (1) tt 
G a A s (111) S^ll:-7^^Mtf:Ii(D 

[1219 ] 
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HIo (2) t*T*#\££oX9*>1nX\i*ti:\,>mft{Z'<y 
7 7JB*fifc«$-£:fcX«(Z>EL (3) 7 rSL 

^^(DlCGa **>-r /UlSrJSKS £ -grfcXgtt 

IS. (4) I1G a A s M^^i LG a N^gifll t 

[0 7] GaNSffi^iC^^CGaN^f <«f ^ 
TG a N^f :y h£rf£«P lil^^OliLt^x/NCt^ 
Il^r^ta (1) liGaNlfiCittltLfcGaN 
hOEl 0 (2) b&ftmJtxJ'f'V- 
(3) ttfflBttSixfc^ai'^Ho 
[08] HVP E^gcoaB§^®E| 0 
[BI9] Ga A s i«W±lCG a Nfc*ft* 

[B10] fc Lt>(*)StflS*>^0 Tfcixtf* G a A s 

[mil] t ttG a Ng*oi^i:rtSJt^Ji J #St 
54&tfGaAs ftBfe* LT t SiS^^aS r't Sr^-T 

itf [0 1 2 ] G a N £^'^^9 O^ft&^-TElo 5 0m 

[H13] #*8fc*S: (A) 1800scc m~ 9 0 0 
sccmCD — mt (B) 9 0 0 s c cmO-SICo^ 

[014] ^CASM (3 Ott) tBBKfi (9«t) 

■?0 [H15] ^ h 7-f t Ks> h^* ^ttfflNrOrt 

CO&iPi] 

1 EfStf 5 

2 t - * 

3 J^)(Gf^^«AP 

4 J^ifSf^^^AP 

5 GaS 

6 G a Hft 

7 iMr:/* 
40 8 ->Y7h 

9 G a A s Sfi^feliG a NSffi 

l o #*£JNtiin 



[010] 



Ga K 



G a N 



# 



(12) 



Vfffi 2000-12900 



05 



05 



mi ) 







—A 






















• 














































( 


fftA 














Ga 


K 




• 


































US 


























Si 


































"2 


nO 
« 











1.6 



[02] 



6.196 
^6,190 
5.185 



5.180 









































1 



1 0 



10' 



[03] 



[B4] 




1 1] 



G a A b 

(111) 



CI I 2D 



ciin 




1 2] 

G&K 




# 



(13) 



2000-1 2900 




(14) 



<&m2 000-12900 



[SI 1 3 ] 



100 



10 



0,1 



= i r 




1 1 


1 


- A a g 4Q 








o 

- °* 


b 






O 












< 

• 




i 1 1 


i 




i 



50 100 150 



200 250 
£ m (pi) 



800 



1 5] 



(MPa ) * b 7-f * *tt8JO a K * K** a K&fcO 

frag? 



100 
10 



0.1 



<ITOO> 



<1120> 
O 



H VPE 



<1100> 
o 

<1 120> 



tm 2O0~120/*« 



(72) 389! # ffi WJ 

<72)»w# te* gar 

A«J*^#Hlra»*-T i l # l tSSI 



F*— -M##) 4G077 AA02 AB01 AB04 BE15 EB01 

EH05 FG11 FJ03 FJ05 HA 12 

5F041 CA23 CA35 CA40 CA64 CA67 
CA77 

5F052 AA17 AA18 CA04 DA04 DB01 

GB06 GB09 HA01 HA08 JA07 

5F073 CA02 CB02 CB06 CB07 DA07 
DA35 



